An administrative database was used to study death occurring among adults aged 18-55 years who were hospitalized during the period from 1 April 1994 through 31 March 1999 for treatment of community-acquired pneumonia. In-hospital case-fatality rates for the first 10 days of hospitalization and overall were 2.1% and 3.2%, respectively, for 11,684 patient hospitalizations. Patient factors (age, sex, and comorbidity) were the most important associations with death. Aspiration provided the largest explanation of variance in deaths occurring during the first 10 days of hospitalization (odds ratio, 5.0; 95% confidence interval, 3.7-6.8). Busy hospitals (higher occupancy and higher number of daily admissions) were not associated with higher casefatality rates. Bigger hospitals (metropolitan hospitals) had higher case-fatality rates, but this was more likely related to greater comorbidity and severity of pneumonia. Death due to community-acquired pneumonia among young and middle-aged adults is infrequent and is more related to the severity of pneumonia and to such risk factors as aspiration than to the manner in which the provision of care is organized.
alence of and case fatality associated with the disease in this patient group [8] [9] [10] [11] [12] . Young and middle-aged adults have a lower incidence of and a lower casefatality rate associated with community-acquired pneumonia, compared with senior adults [13] . The risk factors for community-acquired pneumonia-associated death among young and middle-aged persons have not been well described. Pneumonia-associated deaths occurring among young and middle-aged adults may serve as a quality marker for the provision of timely and appropriate health care services for this curable disease.
In the present study, we used information from an administrative database to determine both the rate of and the risk factors for in-hospital community-acquired pneumonia-associated death occurring among young and middle-aged adults during the period from 1 April 1994 through 31 March 1999. We assessed the relative associations of death with severity of pneumonia, coexisting comorbidity, and health care region organizational risk factors. 
METHODS

Defining Pneumonia and Data Extraction
Two administrative health care service databases were used: the Canadian Institute for Health Information's Inpatient Discharge Abstract Database for the province of Alberta from 1994-1995 to 1998-1999 , and the Alberta Health Insurance Plan Registry File for 1994-2000. Analysis was done within the protected environment of Alberta Health and Wellness (Edmonton, Alberta, Canada), governed by provincial legislative guidelines on the confidentiality of health care information. Community-acquired pneumonia was defined as the most responsible diagnosis or any of the other 15 diagnosis codes defined to be type 1 (denoting preadmission comorbidity), according to the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) values of 480.x-487.x (pneumonia) or 507.x (aspiration pneumonia), excluding 484.x (pneumonia of infectious diseases classified elsewhere) [14, 15] , as found in the Canadian Institute for Health Information's Inpatient Discharge Abstract Database. Criteria for exclusion from the study included the following: (1) the patient either was not an Alberta resident or was not treated in an Alberta acute-care facility, (2) an adjacent diagnosis-related group defined hospitalization for a surgical procedure, and (3) any previous hospitalization occurring within 10 days of the incident case of pneumonia.
Risk Factors
The demographic risk factors that were investigated included age (age at the end of the fiscal year was used; the age groups were 18-39 years of age [younger adults] and 40-54 years of age [middle-aged adults]), sex, year of admission to the hospital, urban or nonurban residence, and patient service region not the same as residence region.
Pneumonia etiologies (coded in any of the 16 diagnosis variables) were aspiration (ICD-9-CM 507.x) and one of the following mutually exclusive sources of infection: viral and influenza (ICD-9-CM 480.x and 487. "Severity of pneumonia" was defined by the presence of or need for any of the following (as coded in the 16 diagnosis variables): respiratory failure or arrest (ICD-9-CM 518.81 or 799.1), hypotension or shock (ICD-9-CM 458.xx or 758.5x), mechanical ventilation for у96 h (ICD-9-CM 96.72), or special or intensive care unit admission (as defined by each hospital).
Information on Charlson's comorbidities was extracted from any of the 16 diagnosis variables by use of established definitions, and each of 12 comorbidity types was summed (0, 1, or 11) [16, 17] . Malignancy was further classified as hematopoietic , metastatic solid tumor (ICD-9-CM 197-199.1), or other malignancy (ICD-9-CM 140-195.8). Alcohol-related problems (ICD-9-CM 291.x, 303.x, 305.x, and V11.3) were abstracted from any of the 16 hospital abstract diagnosis fields. Table 1 shows the number of beds per capita for patients with community-acquired pneumonia, by hospital region. Hospital risk factors included the following: remote distance to a local, regional, or metropolitan hospital (see below); transfer to the hospital by ambulance, as defined in the hospital abstract; transfer from a smaller to a larger acute-care facility for the diagnosis of pneumonia (see below), as defined in the hospital abstract; admission from the emergency department, as defined in the hospital abstract; hospital type (see below); turnover of beds, which was defined as the ratio of all hospital admissions per hospital bed in the specific hospital on the date of admission for pneumonia; occupancy rate, which was defined as the daily census per hospital bed in the specific hospital on the date of admission for pneumonia; and the number of hospital beds per capita in the health care region. Information on all active hospital acute-care beds per year per resident region was surveyed and was maintained in the provincial database. Hospital staff risk factors included any internal medicine specialist, including all internal medicine subspecialists (coded in hospital 
Health Care Region Organization
Derived Variables
Calculating remote distance to the hospital. Each hospital discharge was mapped to the center of a postal code, and distances "as the crow flies" between centroids were calculated. The nearest hospital (metropolitan, regional, and nearest) distance to the resident postal code was obtained for all nonurban residents. Urban resident distances were considered to be 0 km. Distances of 150 km were defined as remote. Defining hospital type by patient volume. Hospitals admitting patients with community-acquired pneumonia were categorized into 5 groups on the basis of geographic location, medical school proximity, and the average number of hospital discharges per year during the 5-year study period:
1. Rural hospitals were categorized, according to the number of pneumonia cases, as hospitals with either !50 cases per year (77 hospitals) or 50-108 cases per year (27 hospitals) (50 and 108 denote the 50th and 75th percentiles).
2. Regional hospitals (5 hospitals that saw 67-251 cases of pneumonia per year) were identified for each of the 5 nonmetropolitan regional health care cities, and 1 high-volume rural hospital (which saw 221 cases of pneumonia per year) was also added to this group.
3. Metropolitan hospitals (7 hospitals) were located in the metropolitan health care regions of Calgary and Capital, and they recorded 92-813 cases of pneumonia per year.
4. Medical school metropolitan hospitals (2 hospitals) were located adjacent to medical schools (1 hospital was located in each of 2 metropolitan centers), and 493 and 610 cases of pneumonia per year were recorded at the 2 medical school metropolitan hospitals.
Case Fatality
Information from vital statistics declaration-of-death certificates was merged with information from the Alberta Health Care Premium Registry database to determine deregistration from the plan. Reliability of linkage was high (99.5%), as was verified by a comparison of in-hospital deaths recorded by hospital chart extraction with Alberta Health Care Premium Registry deaths derived from vital statistics. Outcomes used in regressions were in-hospital death during the first 10 days of admission and in-hospital deaths overall.
Statistical Analyses
Age-specific hospital discharge rates (age groups were 18-39 years of age [younger adults] or 40-54 years of age [middleaged adults]) and case-fatality rates during the first 28 days of hospitalization and their 99% CIs were calculated using provincial population data for 1998-1999. Age at the end of the fiscal year was used for calculation of the rates. For illustrative purposes, age-specific hospital discharge rates and case-fatality rates were also calculated for older patients (those у55 years of age).
A forward stepwise selection of factors was used to determine the order of importance of the factors influencing case fatality. These factors were demographics, severity of illness, comorbidity, and health care region organization. Overall model prediction was expressed as a c statistic. The c statistic is a summary model statistic that equals the area under the receiver operator curve and is commonly reported for risk-adjustment models. The c statistics for in-hospital community-acquired pneumonia case-fatality models have ranged from 0.67 to 0.85, where a value of 1 denotes perfect prediction and a value of 0.5 denotes prediction no better than chance [18] .
The unit of analysis was hospital discharge, with some patients being hospitalized on multiple occasions per year. We attempted to adjust for correlations in hospital discharges of the same subject, but this adjustment did not result in a substantial difference in results, compared with results under the assumption of zero correlation. Therefore, we opted to report the results of a simpler approach based on multiple logistic models [19] [20] [21] . The results were validated with the entire data set to test for bias in the sample. Data were analyzed by use of the SAS program, version 8 (SAS Institute), and statistical significance was defined as . P ! .05 
RESULTS
During the 5 years of the study, there were 11,684 hospitalizations for community-acquired pneumonia among 10,466 patients 18-55 years of age. The frequency of hospitalization among patients 18-54 years of age was dramatically less than that noted among older adults (table 2). The case-fatality rate during the first 10 days after admission to the hospital was 2.1%, and the overall in-hospital case-fatality rate was 3.2%. Of 376 in-hospital deaths, 60 (16.0%) occurred within 24 h of admission, 70 (18.6%) occurred within 25-72 h of admission, 237 (63.0%) occurred within 73 h to 2 weeks of admission, and 9 (2.4%) occurred 12 weeks after admission. Again, during the first 28 days after admission to the hospital, the case-fatality rate among patients 18-54 years of age was dramatically less than that among older adults (table 2). As illustrated in table 3, the percentage of case patients who died was higher among men, patients of urban residence, patients with aspiration community-acquired pneumonia, and patients with greater comorbidity (у1 and, in particular, presence of malignancy, vascular diseases, liver disease, or renal disease).
As illustrated in table 4, the percentage of case patients who died increased from 1.0% in rural hospitals to 2.6% in regional hospitals and 5.8% in metropolitan hospitals. Across hospital types, the percentage of case patients who died mirrored the mean Charlson comorbidity score (‫ע‬SD) for patients, which also increased from in rural hospitals to 0.28 ‫ע‬ 0.57 0.43 ‫ע‬ in regional hospitals and to in metropolitan 0.71 0.58 ‫ע‬ 0.78 hospitals. Severity of community-acquired pneumonia (‫ע‬SD) (i.e., patients having any of the following: hypotension or shock, respiratory failure or arrest, special care unit admission, or need for mechanical ventilation) also increased from in 0.03 ‫ע‬ 0.17 rural hospitals to in regional hospitals and to 0.18 ‫ע‬ 0.5 in metropolitan hospitals. The percentage of deaths 0.27 ‫ע‬ 0.68 was lower among those patients with a residence that was remote from a metropolitan, regional, or local hospital, although the number of patients at a remote distance from a local hospital was very low. The median daily hospital occupancy rate was 75% (interquartile range, 56%-90%). Other hospital staff risk factors were not associated with a dramatically different death rate. The median number of daily admissions per bed was 0.15 (interquartile range, 0.1-0.2). Patients who died were more likely to have an internal medicine specialist or subspecialist as the physician most responsible for care and were more likely to be admitted to a special care unit. Death was unrelated to seasonal variation in hospital admissions, but it occurred more frequently during weekends or holidays and during evening or night admissions. Table 5 compares the characteristics of patients with aspiration community-acquired pneumonia with those of patients with other types of community-acquired pneumonia. Males were more likely to have aspiration community-acquired pneumonia. In this younger cohort, cerebral vascular disease and hemiplegia were not commonly associated with communityacquired pneumonia. Comorbidities were similar among patients with aspiration and nonaspiration community-acquired pneumonia, with the exception of alcohol-related problems, which were more frequent among patients who aspirated. Severity of community-acquired pneumonia (as determined by presence of respiratory failure or arrest, presence of hypotension or shock, admission from the emergency department, special or intensive care unit admission, or need for mechanical ventilation) was higher among those with aspiration community-acquired pneumonia. Table 6 shows the regression results for death among patients with community-acquired pneumonia. The predictive characteristics of the model were good with a c statistic and were comparable to those of other models [18] . Aspiration was the most significant factor in predicting death during the first 10 days of hospitalization and was the third factor entered into the model for overall in-hospital case fatality. Other patient factors associated with death were comorbidity, age, and sex. The only hospital staff variable that explained excess numbers of deaths was whether a specialist was listed as the physician most responsible for care. Metropolitan hospitals and regions with lower numbers of beds per capita were associated with increased case-fatality rates.
DISCUSSION
The number of discharges involving patients hospitalized for community-acquired pneumonia and the associated death rates were much lower among young and middle-aged adults than among older adults. Aspiration was the most important clinical risk factor for death. Admittance to the hospital of patients with community-acquired pneumonia associated with aspiration should raise the clinician's threshold of vigilance for a poor outcome. Preventing aspiration may be a useful qualityof-care indicator for health care organizations, with the potential of decreasing the number of deaths among young adults. In addition to aspiration, the patient factors of age, sex, and comorbidity had significant associations with patient death.
Most patients resided within 50 km of the nearest hospital, and a residence remote from a referral hospital was not associated with an increased death rate. Only 16% of deaths occurred within 24 h of admission to the hospital, so there likely would have been adequate time for triage and referral. However, transfer to a larger hospital was actually infrequent (1.3% of cases). Busy hospitals (those with a higher occupancy rate or a higher number of daily admissions) were not associated with a higher death rate. Bigger hospitals (metropolitan hospitals) were associated with a higher death rate, but this likely was more related to a higher comorbidity score and severity of pneumonia presentation. Given the lack of an a priori hypothesis explaining why the death rate should be higher in metropolitan hospitals, and given the problem of confounding by intention (patients who were more likely to die were referred to metropolitan hospitals), we believe that the most conservative interpretation is to minimize this association. Admission times at hospitals with fewer staff members (weekends or holiday admissions or evening or night admissions) were not associated with a higher death rate. An internal medicine specialist or subspecialist was the physician most responsible for care for 70% of patient deaths, indicating wellestablished referral practices for these younger patients. Approximately 70% of deaths occurred during the period from day 3 to week 2 after admission, and the associated factors for death within the first 10 days of hospitalization and overall were similar. Death associated with community-acquired pneumonia among young and middle-aged adults is infrequent and is more related to the disease and to patient factors rather than to the manner in which the provision of care is organized.
Even in the young patient group in the present study, older age (140 years) was still associated with a higher case-fatality rate. Although the prevalence and severity of comorbidity increases with age, age and comorbidity are independent risk factors for death [8] . In this study, 70% of those who died had у1 comorbidity, with malignancy being the most common comorbidity. The etiologic organism was not a predictor of mortality. Nonidentified organisms accounted for 60% of cases in this study, which was also noted in another study that made use of administrative data [22] . Pneumocystis carinii pneumonia was not specifically extracted as a cause of pneumonia because of discrepancies between data in hospital abstracts and data from an independent HIV/AIDS clinic database. Patients identified as HIV positive accounted for 23 of the 376 in-hospital deaths [23] , and AIDS was extracted as a patient comorbidity.
Aspiration has been associated with greater mortality among patients admitted from long-term care environments. In patients in long-term care and hospital environments, oral gastric instrumentation, recumbency, oral hygiene, stroke, and a decreased level of consciousness are associated with high rates of aspiration [24] [25] [26] . Strategies that limit aspiration for in-hospital patients have been shown to be useful [24, 25] . Some of these strategies may be applicable to patients living in the community with similar risk factors. These preventative strategies include careful use of sedatives, avoidance of recumbence for those with oral and/or nasal feeding tubes, and good oral hygiene for bedridden patients. Preventive strategies (perhaps for specific alcohol-related problems) may have greater potential to improve outcomes, given that ∼40% of patients were admitted to a special care unit, and given that ∼77% of patients had an internal medicine specialist or subspecialist as the physician most responsible for care.
Our study has several limitations. Population-based administrative database research is highly generalizable, although limited in clinical details. This study may not be generalizable to other jurisdictions or countries. However, the Patient Outcomes Research Team study of community-acquired pneumonia (which enrolled patients from Halifax, Nova Scotia, Canada; Boston, Massachusetts; and Pittsburgh, Pennsylvania) did not find differences in patient characteristics or process of care between the Canadian and United States centers [3] . We attempted to adjust for case severity (hypotension or shock, and respiratory arrest or failure) and case mix (comorbidity, age, and sex), but we may not have captured all variation [27] . These variables are likely to be less reliable than a clinically derived pneumonia index [2] . Processes of care variables, such as use of a special or intensive care unit or transfer to another hospital, are not justified by a specific threshold in the severity of illness or special care provided. As such, these variables would be expected to vary widely between patients and hospitals. Information on antibiotics received during hospitalization was not available in hospital abstracts, and appropriate treatment alters mortality [28] . Antibiotic therapy may have varied between hospitals.
